Fatigue Crack Detection and Sizing in Welded Steel Structures by Kilpatrick, I. M. & Cargil, J.
Proceedings of the DARPA/AFWAL Review of
Progress in Quantitative NDE, October
1979–January 1981
Interdisciplinary Program for Quantitative Flaw
Definition Annual Reports
9-1981
Fatigue Crack Detection and Sizing in Welded Steel
Structures
I. M. Kilpatrick
Admiralty Marine Technology Establishment
J. Cargil
Admiralty Marine Technology Establishment
Follow this and additional works at: http://lib.dr.iastate.edu/cnde_yellowjackets_1981
Part of the Materials Science and Engineering Commons
This 17. Test Beds is brought to you for free and open access by the Interdisciplinary Program for Quantitative Flaw Definition Annual Reports at Iowa
State University Digital Repository. It has been accepted for inclusion in Proceedings of the DARPA/AFWAL Review of Progress in Quantitative NDE,
October 1979–January 1981 by an authorized administrator of Iowa State University Digital Repository. For more information, please contact
digirep@iastate.edu.
Recommended Citation
Kilpatrick, I. M. and Cargil, J., "Fatigue Crack Detection and Sizing in Welded Steel Structures" (1981). Proceedings of the DARPA/
AFWAL Review of Progress in Quantitative NDE, October 1979–January 1981. 83.
http://lib.dr.iastate.edu/cnde_yellowjackets_1981/83
Fatigue Crack Detection and Sizing in Welded Steel Structures
Abstract
The paper gives an outline of the non-destructive evaluation (NDE) methods currently being pursued at the
Admiralty Marine Technology Establishment, Dunfermline, Scotland. The methods are being used to locate
and characterise fatigue cracks in high yield strength welded steel structures. The techniques have been
applied principally to large fatigue models (5' and 9' diameter) as part of a comprehensive fatigue programme,
with back-up work on large T-butt welded "type test" specimens. Results are presented which illustrate the
progress made with each technique in detecting and sizing fatigue cracks in welded structures. An indication
of the accuracy and reproducibility is given with particular reference to ultrasonic diffraction and ACPD
techniques.
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FATIGUE CRACK DETECTION AND SIZING IN WELDED STEEL STRUCTURES 
I. M. Kilpatrick and J. Cargil 
Admiralty Marine Technology Establishment 
(Structures) 
St. Leonard's Hill 
Dunfermline Fife KY11 5PW 
ABSTRACT 
The paper gives an outline of the non-destructive evaluation (NDE) methods currently being pursued at 
the Admiralty Marine Technology Establishment, Dunfermline, Scotland. 
The methods are being used to locate and characterise fatigue cracks in high yield strength welded 
steel structures. 
The techniques have been applied principally to large fatigue models (5' and 9' diameter) as part of 
a comprehensive fatigue programme, with back-up work on large T-butt welded "type test" specimens. 
Results are presented which illustrate the progress made with each technique in detecting and sizing 
fatigue cracks in welded structures. An indication of the accuracy and reproducibility is given with 
particular reference to ultrasonic diffraction and ACPD techniques. 
I NTR ODUCTI ON 
The development of welding, the use of high 
strength steels, the tendency to increased loading 
and the need to resist marine environments in 
naval structures has focussed attention on the 
significance of defects and their possible exten-
sion under cyclic loading. 
With the increasing use of fracture mechanics 
to assess defect tolerance, characterisation of 
defects, specifically planar defects, by non-des-
tructive evaluation (NDE) has become an integral 
part of any fracture control plan. Without a 
knowledge of crack dimensions present in a struc-
ture fracture mechanics analyses become of limited 
value. 
The authors are involved in a comprehensive 
fatigue testing programme incorporating 1arge 
welded high yield (HY) steel models and inter-
mediate scale "type" tests. NDE forms an impor-
tant part of this programme. It is aimed at crack 
detection and sizing with a view to obtaining 
information on fatigue crack initiation and propa-
gation under appropriate loading conditions. 
In this context, the paper outlines NDE 
methods currently being used (or under consider-
ation) at AMTE Dunfermline, Scotland to charac-
terise surface breaking fatigue cracks in welded 
HY steel structures. An indication of the types 
of structure involved is given, the techniques 
employed described, and results presented to 
illustrate performance of some of these 
techniques. 
STRUCTURES 
Two series of model structures are being 
investigated. 
1. Cylindrical models of about 4 1/2 ft 
diameter which may be of ring 
stiffened/unstiffened hourglass or plane 
stiffened cylinder design. 
2. Plane cylinder models of about 9ft. 
diameter with multiple ring stiffening. 
Figure 1 shows the simplest of the small 
diameter models, a cylinder with a centrally 
located bulkhead. The bulkhead to shell joint is 
a full penetration T-butt weld. A typical small 
diameter framed hourglass model is illustrated in 
Fig. 2. The minor cylinders are joined to the 
major cylinders by 30° and 45° cones resulting in 
angled butt (knuckle) welds. Frames are attached 
to the minor cylinders again by full penetration 
T-butt welds. 
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Fig. 1 Model No. Sl, general arrangement. 
A typical large diameter model is shown in 
Fig. 3. This contains a range of frame sizes plus 
a large bulkhead. All welds are full penetration 
T-butts. The large models weigh somewhere in the 
region of 40 tons. 
All models have dome end closures with an 
access hatch at one end. 
Tension residual stresses induced during 
welding at the T-butt welds result in a net ten-
sion cycle under the externally applied compres-
sive test load. Fatigue cracking under test 
occurs at both knuckle and T-butt welds. No 
cracking is experienced at longitudinal or 
circumferential seam butt welds. 
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Fig. 2 Framed hourglass, Model - S2. 
Fig. 3 Model Ll. 
The principal "type" test specimen used is 
shown in Fig. 4, i.e., a full penetration T-butt 
weld. Such a specimen is subjected to fatigue 
loading under three point bend, see Fig. 5, 
resulting in fatigue crack initiation at the weld 
toes and propagation through the plate thickness. 
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Fig. 4 AMTE - 3 point bend test piece 
NDE TECHNIQUES 
The techniques being actively employed in 
detection and sizing of surface breaking fatigue 
cracks are -
1. Aml ec Eddy Current 
2. Ultrasonic Diffraction 
3. Alternating Current Potential Drop (ACPD) 
4. Conventional Pulse-echo ultrasonics 
Other techniques at an early stage of 
investigation include -
5. Acoustic 8nission 
6. Ultrasonic - mode conversion 
7. Fully automated multi -probe ultrasonic 
scanning unit. 
1. Aml ec (Eddy Current) 
Eddy currents (1) are induced by Aml ec and 
other instruments which can detect the presence of 
cracks interrupting the eddy currents. This has 
become a principal method of surveillance. 
FATIGUE 
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Fig. 5 Loading arrangement for fatigue cycling. 
An alternating magnetic field is induced into 
the material at the position to be inspected and 
changes in the impedance caused by surface break-
ing defects can be detected. The instrument is 
designed to be relatively insensitive to probe 
position by applying a back-off voltage to the 
probe. Although changes in the geometry and 
material which occur at a weld can give rise to 
changes in Amlec readings, they are usually small 
enough to be neglected during crack detection. 
At AMTE it is used principally as a surface 
crack detection technique. No reliable relation-
ship between Amlec readings and crack depth are 
available at present. However, work is in hand to 
try and quantify results. 
2. Ultrasonic Diffraction 
This technique is being used at AMTE from both 
cracked and uncracked surfaces. 
When a pulse of ultrasound is projected 
towards a crack the sound is diffracted (or 
scattered) at the crack tip. By placing trans-
mitting and receiving transducers on either side 
of the crack (Fig. 6) and carefully measuring the 
flight time of such a pulse the crack depth can be 
calculated from the transducer spacing, velocity, 
and flight time (2), (3). 
Measurement from the Cracked Surface (2) - The 
position of the crack tip as defined by the flight 
time lies along an elliptical path the foci of 
which is the transducer centers. The minimum 
flight time for a particular transducer spacing 
occurs when the crack tip is equidistant from each 
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Fig. 6 Ultrasonic diffraction. 
transducer. Similarly when the ultrasound is 
diffracted by two cracks such as may occur when 
both toes of aT-butt weld are cracked, Fig. 7, 
the minimum flight time occurs when the entry and 
exit angles of the ultrasound are the same. 
Fig. 7 Ultrasonic Diffraction 
For, 
VT ~s12 + d12 + 
+ ~ d} + s/ 
Where, V velocity of sound 
T = fl i ght time 
S = distance from transducer to 
cracks on surface 
L = distance between cracks 
d1 and d2 = crack depths 
Thus T min. occurs when -
Thus, by maintaining a constant transducer 
spacing and scanning transverse to the cracks to 
find the position for minimum flight time the 
depth of both cracks can be measured. 
However, this method for both single and 
double cracks is least accurate for shallow cracks 
and as the flight time is rather insensitive to 
lateral movement the position for minimum flight 
time is difficult to locate in the double crack 
situation. It is necessary to measure flight 
times to within 5 nano-seconds in order to measure 
crack depths of around 5 mm with an accuracy of 
about 2 mm. 
Measurements from the Uncracked Surface (4) - Most 
of the difficulties in the above method can be 
resolved by using the technique from the uncracked 
surface {Fig. 8) at the expense of increasing the 
amount of signal processing. When using the 
method from the cracked surface the first signal 
to reach the receiving transducer is that required 
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Fig. 8 Ultrasonic diffraction. 
for crack depth measurement as the faster longitu-
dinal waves are used and the ultrasound cannot 
pass through the crack. This is not so when using 
the method from the uncracked surface; thus it is 
necessary to carry out some signal processing to 
extract the required information from the back-
ground noise. Figures 9 and 10 are typical 
records from the diffraction equipment when used 
from the uncracked surface. The two lines at the 
top of the records are the lateral pulse which 
travels directly between the transducers near the 
plate surface (Fig. 8). The crack depth is given 
by 
TRANSVERSE 
SCAN 
T (1 _ (-x-)1/2) BWE 
LONGITUDINAL SCAN 
~~----. ~---.-.w---~~~------~ -..- ~ ............... _____ ,.... 
Fig. 9 Ultrasonic diffraction from uncracked 
surface. 
where x is the distance from the lateral pulse to 
the signal from the crack tip; BWE is the distance 
from the lateral pulse to the back wall echo and T 
is the plate thickness. Figure 9 is from a plate 
with slots of increasing depth and shows a trans-
verse scan where the transducers were scanned at 
right angles to the crack. Figure 10 is the 
record from a fatigue crack in a T-butt weld. 
3. (5)' 
Until fairly recently the most widely used PO 
method for crack sizing was the direct current 
(DC) technique. This is adequate in small labora-
tory scale specimens where section sizes are small 
and consequently current requirements are small. 
However, its use in large structures is impracti-
cal since with the large section sizes involved 
the resistance is very low necessitating the use 
of heavy currents to provide a measurable field 
strength. 
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Fig. 10 Ultrasonic diffraction from the uncracked 
surface of a Tee butt weld. 
By using alternating current (AC) the current 
is passed through only a thin surface layer ("skin 
effect"), and consequently the current necessary 
to produce a given field strength at the surface 
is much less than with DC. 
ACPD is being used extensively at AMTE both on 
the large model structures and T-butt 'type' test 
pieces to size fatigue cracks and also to obtain a 
continuous reading of crack depth as it increases 
during a test (i.e., "on-line"). 
The technique relies on the change in resist-
ance occurring when a crack is introduced into the 
structure. AC (constant current) is applied to 
the test area and the PD measured both across the 
crack and adjacent to it. In Fig. 11, the current 
path is seen to be restricted to the near surface 
layers. The PD between the output probes is a 
measure of the current path, so that the ratio of 
the PD in the presence of a crack to that in the 
absence of a crack will allow calculation of the 
crack length, Fig. 11. 
4. Conventional Pulse-echo Ultrasonics 
The performance of the pulse-echo technique 
with regard to sizing of fatigue cracks in T-butt 
welds is not good. However it is useful in the 
initial detection of cracks. At AMTE it is used 
in conjunction with Amlec for datum surveys. 
The following techniques are at an early stage of 
evaluation -
5. Acoustic Bnission {8), {9) 
Acoustic Bnission (AE) analysis is being used 
in the fatigue model structures to locate "active 
sites", i.e., as an initiation detection 
technique. 
Trials using up to four transducers are under-
way in various fatigue models and it is hoped that 
useful information on defect location will be 
obtained during 1980/81. 
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Fig. 11 Arrangement of probe & input points 
(not to scale). 
Ultrasonic Mode Conversion Technique {10) 
This appears to be a promising technique for 
fatigue crack sizing. The method was originally 
used to give depth measurements of thin machined 
slots (11) by directing compressional waves at the 
feature and measuring the generated Rayleigh 
waves, see Fig. 12. The basic technique is a two-
probe method which uses the frequency content of 
mode-converted pulsed ultrasonic waves that are 
generated when a pulsed wave interacts with a 
target, for defect characterization. For a 
surface breaking crack the frequency content of 
the scattered signals has been found to be related 
by a (1/f2) relationship to the crack depth {11). 
MODE- CONVERTED 
PULSE 
RECEIVER 
+ r--. INPUT PULSE 
TRANSMITTER 
Fig. 12 Compressional - rayleigh, mode 
conversion technique. 
The method has been successfully used to 
detect and provide the relative sizes of fatigue 
cracks in an AMTE "T butt" weld (12). 
A further test was performed at Dunfermline in 
early 1980 on one of the AMTE hourglass fatigue 
models. The results showed that cracks could be 
detected in such 'real' structural units and that 
the received signals had structure (13). However, 
the system used was a conventional NOT set and 
there was not sufficient calibration information 
to perform a complete sizing operation. 
An investigation into the development and 
application of the technique to fatigue crack 
sizing in "T-butt" weldments is now the subject of 
an AMTE extramural contract (14). 
7. Fully Automated Multi-probe Ultrasonic 
Scanning Unit 
An industrial contract is currently underway 
to develop a computerised fully automatic ultra-
sonic multi-probe weld scanner to be used on AMTE 
fatigue models to locate defects, detect changes 
in depth, and record the results. 
The system has the following specification 
Capability to identify cracks greater than 
2 mm deep and to show changes in crack depth 
greater than 1 mm. The system will be capable of 
continuously examining one complete weld three 
metres in diameter. 
The system is principally designed to examine 
T-butt welds in the large fatigue models but will 
also have the capability of examining longitudinal 
and circumferential butts. 
The ultrasonic head, with two 45° shear wave 
and one compression wave probe, is held in contact 
with the outside of the model and scanned trans-
versely across the weld while the model is 
rotated, thus describing a zig-zag path around the 
model. The two 45° shear wave probes will be used 
in the pitch and catch mode on either side of the 
weld to monitor plate thickness and coupling, 
while the goo probe will be looking for lamellar 
defects. During the remainder of the scan each 
probe will be recording both flaws and weld pro-
file independently. The output from the ultra-
sonic probes is stored on floppy discs which can 
be displayed on a VDU either during the scanning 
operation or later. The presentation on the VDU 
will be a "B" scan showing both weld profile and 
flaws. The system will also have the capability 
of displaying two such profiles from subsequent 
tests to look for changes. It will also be 
possible to compare the output from two floppy 
discs automatically and get a print-out of the 
position and amplitude of changes. 
RESULTS 
Comparative Performance of the Techniques on a 
Fatigue Model - The majority of the comparative 
work has been performed on Model S1 (Fig. 1). 
This model was fatigued to approximately 50,000 
cycles until a through crack developed over part 
of the circumference. Fatigue cracks initiated at 
the forward and aft weld toes at the bulkhead to 
cylinder T-butt joint. 
Part of the bulkhead to cylinder weld was 
removed and sectioned for optical measurement of 
actual crack depths to allow comparison with depth 
profile estimates made by the five techniques. 
The results are shown in Fig. 13a to d. For 
clarity of presentation only the forward toe crack 
is considered. 
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Figure 13 shows the actual crack depth profile 
over stations 305° to 320°. It may be seen from 
this figure that the maximum crack depth is about 
18 mm. 
Figure 13a illustrates the Amlec (eddy 
current) profile. This of course is, as stated 
earlier, purely qualitative. However, it does 
show that the general profile is well represented 
by Aml ec. 
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Fig. 13 Comparison of crack depth with various 
measuring techniques forward TOE of 
bulkhead we 1 d. 
It is also very useful in showing changes in 
crack depth as the fatigue test proceeds, see 
Fig. 14. This is a polar diagram of a submerged 
arc (SA) circumferential angled butt weld in one 
of our hourglass models showing Amlec readings 
taken at commencement of test (datum) and after 
5,000 and 10.000 cycles. The figure quite clearly 
shows the progression of the fatigue crack in a 
qualitative manner. There are several interesting 
features apparent. It will be seen that the weld 
was profile dressed (ground) over 180°, the 
remainder being left in the 'as welded' or 
unground condition. Additionally it is seen that 
artificial defects (0.005" wide slits) have been 
introduced at roughly goo and 180° in the ground 
regions. The significant points to note are that 
crack growth has occurred only in the as welded 
section even after 10,000 cycles, and that no 
crack growth has occurred from the artificial 
defects in the ground section. 
The fatigue crack profile predicted by the 
ultrasonic diffraction technique used from the 
"crack open" side, i.e., operating from inside the 
model, is shown in Fig. 13b. This in fact shows 
the combined for ~nd aft crack profiles as one 
o" 
Fig. 14 Hour glass model AML EC readings. 
crack. However, if only the right hand side of 
the profile is considered (where there is only one 
crack i.e., the forward toe crack), it is seen 
that the agreement with the actual measured 
profile is quite good. 
The ACPD estimated fatigue crack profile is 
shown in Fig. 13c. The agreement here is good 
except for an over-estimate at the maximum depth. 
However, since these results were obtained, con-
siderable improvements have been made in the ACPD 
technique and it now shows a marked improvement in 
depth estimation (see later). 
Figure 13d illustrates the results obtained 
using the diffraction technique from the "crack 
closed" side, i.e., operating outside the model. 
The fatigue crack profile estimate in this case 
shows very good agreement with the actual profile. 
The depth estimate made by the conventional 
ultrasonic pulse-echo technique was so poor that 
it was not considered worth illustrating. The 
method grossly underestimated the crack depth 
profile and showed that in the T-butt weld situa-
tion this technique is of little value. 
Tests on T-butt Welds 
ACPD - The ACPD technique applied to surface 
breaking crack depth measurement has been under 
development for several years. Instruments are 
now commercially available which claim to be able 
to measure fatigue cracks to an acceptable 
accuracy. This, of course, immediately begs the 
question as to what is "acceptable accuracy." 
Since there is little published data on the 
accuracy and reproducibility of ACPD instruments 
in sizing surface breaking fatigue cracks, especi-
ally in T-butt welds it was decided to conduct a 
controlled experiment to evaluate the performance 
of two commercially available instruments. 
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An "as welded" T -butt was prepared having 
dimensions shown in Fig. 15. It was subsequently 
fatigue cracked under 0-tension three point bend 
loading to give cracks at the weld toes along the 
full 200 mm width of the specimen. On load PD 
measurements were taken at 10 mm intervals with 
each instrument under constant current conditions 
using input frequencies, input positions and 
standard output probes as recommeded by the manu-
facturers. The arrangement of probe and input 
points was as shown in Fig. 11. 
Fig. 15 T-butt weld specimen. 
Finally, the actual crack depth profiles were 
obtain by sectioning and optical microscope 
measurment at 10 mm intervals corresponding to the 
instrument measurement position. 
Figure 16 shows the results of the accuracy 
check. Results from both instruments were suffi-
ciently close that only one ACPD profile plot is 
shown for clarity. It will be seen from this 
figure that the accuracy of the technique is 
extremely good, except perhaps towards the edges 
of the specimen where variation might be expected 
due to edge effects. These results reflect the 
improvement in the performance of ACPD achieved 
since the technique was applied to the early S1 
model. 
X--x A.CPO 
0-----o ACTUAL CRACK 
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Fig. 16 ACPD estimation of fatigue crack profile 
in a T-butt weld. 
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To check on measurement reproducibility three 
operators obtain ACPD profiles on a T-butt under 
identical operating conditions. The results are 
shown in Fig. 17 from which it can be concluded 
that reproducibility, at lease under favourable 
laboratory conditions, was of a high degree. 
Ultrasonic Diffraction- Preliminary results from 
a programme designed to investigate the effects of 
factors such as applied stress, crack closure, 
environment, weld profile etc., on the results of 
ACPD and diffraction measurements are given in 
Fig. 18. Work is at a very early stage, however, 
Fig. 18 gives some indication of the comparative 
'" 
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Fig. 17 ACPD estimation of fatigue crack 
profile in a T-butt weld-repro-
ducibility of results. 
performance of ACPD and ultrasonic diffraction of 
a fatigue cracked T-butt. 
The dimensions of the test piece were as in 
Fig. 15, with the joint in the "as welded" condi-
tion. All measurements were performed "on-
load." The diffraction measurements were obtained 
with the transducers on the "crack-closed" side, 
while the ACPD set-up was again as shown in 
Fig. 11. 
Referring to Fig. 18, over the central 100 mm 
or so of the crack profile the agreement between 
between ACPD and ultrasonic diffraction is excel-
lent being for the most part within 1 mm of each 
other. The agreement of both predicted profiles 
with the actual profile (obtained by sectioning) 
0 0L-~~~~~~~,o~o~~~~~~~, 
DIST.O.NCE "LONOJ Wl:lD- mm 
Fig. 18 Comparison of ACPD ultrasonic dif-
fraction and actual fatigue crack 
profiles in an "AS welded" T-butt. 
is again extremely good. In fact an envelope of 
width just over 1 mm could be drawn to encompass 
all three results at least over the central 100 mm 
or so. It is only at the specimen edges where 
large discrepancies begin to appear due to edge 
effects. The diffraction results in particular 
have given a very consistent picture showing a 
smooth gently bowed crack profile. 
Other diffraction work (15) done under 
contract using a similar T-butt weld containing a 
fatigue crack of maximum depth about 3 mm has 
shown that the errors observed between actual and 
predicted depth were in the region of± 0.15 mm. 
It was also found that a crack depth of about 
1.5 mm was required before a reasonable precision 
in percentage terms (10%) was obtained. However, 
the presence of a crack signal was detectable down 
to a depth of around 0. 5 mm. It should be noted 
that these results were obtained under very 
strictly controlled laboratory conditions. 
CONCLUDING REMARKS 
In this paper an attempt has been made to give 
a clear indication of the type of NDE work being 
carried out at AMTE Dunfermline. 
The various types of large fatigue model 
structures being used as vehicles for evaluation 
of NDE techniques in realistic welded situations 
have been outlined together with the intermediate 
scale T-butt weld laboratory "type test." 
The NDE techniques being actively pursued and 
those under consideration for further investiga-
tion have been indicated. 
The results obtained so far from model and 
type test have shown that: 
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1. Ultrasonic diffraction from the "crack 
closed" side appears to be the most 
accurate and convenient technique for 
sizing surface breaking fatigue cracks. 
The technique used from the crack open 
side is equally accurate, however, it is 
1 ess easy to use in the practical mode 1 
situation. Hence the former is the 
preferred method. 
2. The ACPD technique, used of course from 
the crack open side, has been shown to be 
accurate and reproducible in trials on 
T-butt weld type tests under controlled 
laboratory conditions. 
3. The eddy current Amlec technique has been 
shown to be adequate for fatigue crack 
detection and the qualitiative progressing 
of such cracks in fatigue models. 
4. Conventional pulse-echo ultrasonics is 
inadequate for crack sizing in T-butt weld 
situations. 
5. The ultrasonic mode-conversion technique 
promises to be a useful method for crack 
sizing and is being pursued through 
extramural contract. 
6. Acoustic emission is being pursued as a 
defect location technique in the fatigue 
models. 
7. Encouraging results have been obtai ned 
with a multi-probe automated ultrasonic 
scanning unit for use in fatigue crack 
detection in models. 
8. "On-line" ACPD has been used in model 
tests to obtain continuous readings of 
crack depth versus number of cycles. 
Complete analysis is awaited, however, 
initial results would indicate that the 
technique is viable. 
FUTURE WORK 
Eddy Current - The main requirements here are to 
quantify results and to automate the technique. 
Investigations are planned using multi-frequency 
units (16). Automation would considerably 
decrease inspection time, however, it may be 
difficult to attain in complex model structures. 
Ultrasonic Diffraction - More practical experience 
is required in using the technique in complicated 
model structures. A requirement exists to cope 
with situations where physical constraints make it 
impossible to deploy the transducers astride the 
crack. In this context extramural contract work 
is underway to investigate the feasibility of 
operating with the transmitting and receiving 
transducers on the same side of the crack, other 
transducer positioning is also being investigated. 
In the longer term, it is planned to look at 
the possibility of incorporating diffraction into 
the multi-probe scanning unit. 
Ultrasonic Mode-Conversion- As indicated earlier 
extramural contract work is about to commence on 
the potential of this technique for sizing cracks 
particularly in the T-butt weld situation. The 
technique may also prove useful where very small 
cracks are concerned. 
ACPD - To make effective use of ACPD for both 
pol nt probing and "on-1 i ne" crack depth measure-
ment in models and laboratory specimens it is 
necessary to evaluate parameters which may 
influence the accuracy and/or reproducibility of 
results. To this end, intra- and extra- mural 
work is planned. Several factors require 
investigation including: 
1. Angled, stepped and branching cracks 
2. Crack aspect ratio 
3. Cracks in both weld metal and parent plate 
4. Applied stress effects 
5. Crack closure, and debris in cracks 
6. Effect of water environment 
7. Time dependence 
Additionally work is required on several aspects 
of instrumentation and application particularly 
with regard to underwater "on-1 i ne" work, e. g., 
watertight pre-amplifiers and switches, optimised 
screening of input and probe leads, probe design 
and electrode attachment in difficult geometries 
etc. 
As with diffraction more experience is 
required on complex model structures. 
Acoustic Emission - Work will continue with the 
development of a reliable defect location system 
for use in the fatigue models. In addition, 
laboratory work is planned to investigate the 
relationships between AE and type of fracture. 
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SUMMARY DISCUSSION 
Unidentified Speaker: Your data showing the ground and unground portion of the welds indicate one 
should draw the logical conclusion that by simply grinding the welds, you eliminate fatigue 
cracks. 
lain Kilpatrick (Admiralty Marine Technology Establishment): The data was up to 10,000 cycles only. We 
would expect for these particular vessels a longer fatigue life than 10,000 cycles. We have 
experienced fatigue cracking in ground welds and in the case shown I would expect the cracks to 
propagate into the ground section eventually as the number of fatigue cycles is increased. 
Unidentified Speaker: At what level of cycles? 
lain Kilpatrick: That depends on lots of things. However, for example, in ground laboratory scale T-
butt weld, fatigue tests, it can vary from 3000 or 4000 cycles to as much as 40,000 cycles, and 
this is one of the difficulties with initiation. We have samples going on for 40,000 cycles 
before crack initiation, and that is because of the weld and the residual stresses. 
Otto Buck (Rockwell Science Center): Grinding puts some residual stresses -
lain Kilpatrick: We already have some major tensile residual stresses at T-butt welds. We in fact have 
a very large program when measuring residual stresses in these particular structures and have 
been fairly successful in measuring not only the local residual stresses but what we call long-
range strain forces, which are the driving forces, rather than the local residual stresses. 
Local residual stresses are very important in the early stages because they are very high and 
cause initiation. But the driving stresses are the stresses due to building the actual 
structure itself, and these long-range restraint forces cause crack propagation. Yes, we 
appreciate we have got to look at residual stresses. 
Richard 8sley (Science Center): What is the nature of the probe that you use for the alternating 
current potential drop method? 
John Cargill (Admiralty Marine Technology Establishment): It has two points which are usually made of 
tungsten, they are separated by about 10 millimeters and are pushed in to the surface and the 
potential drop or difference between the points is measured. 
lain Kilpatrick: I think it is true to say we had a lot of difficulty with probe design in the initial 
stages. Being hand-held was part of the reproducibility problem. We did end up at one stage 
with a three-legged probe which was fairly stable to apply but in other circumstances was not 
suitable. But we think we have a fairly good probe design. 
John Cargill: Probe design was the stumbling block initially. Obviously the difficulty arose from the 
massive unwanted pick-up that you can get when pumping something like five amps at eight KHz 
into a large structure. This can obviously be more than the potential drop due to the crack. 
Unidentified Speaker: Do you have any trouble with dirt? 
John Cargill: Not in that situation. It can be brushed off with the tungsten points. You can push 
through the dirt. It is essential to keep the probe points down to a minimum length. The two 
points of the probe and the test piece are parts of a loop which can cause pick-up of unwanted 
signals by inductance. Thus it is necessary to keep the area of this loop to a minimum. 
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